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(57) ABSTRACT

A device for drilling and for removing material using a laser
beam comprises: a rotating image rotator (2); abeam manipu-
lator (1) which, when viewed in the beam direction, is
arranged in front of the image rotator and which serves to
adjust the angle and position of the beam relative to the
rotation axis of the image rotator; and a focusing device (3)
located on the output side of the image rotator. A compensat-
ing device (3, 13, 14, 15) is placed between the image rotator
and the focusing device and rotates with the image rotator in
the same direction of rotation and with the same rotational
frequency. The compensating device has a parallel displace-
ment unit (15) and an angle changing unit (13, 14), and the
compensating device, in a basic setting, is adjustable in its
rotating position relative to the image rotator.
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DEVICE FOR DRILLING AND FOR
REMOVING MATERIAL USING A LASER
BEAM

[0001] The present invention relates to a device for drilling
and for removing material using a laser beam, the device
comprising a rotating image rotator, a beam manipulator
which, when viewed in the beam direction, is arranged in
front of the image rotator and which serves to adjust the angle
and position of the beam relative to the rotation axis of the
image rotator, and a focusing device located on the output
side of the image rotator.

[0002] Inthe car industry, in filtering technology, electron-
ics and many other sectors, small bores or drilled holes are
needed for very different applications. Examples are injection
nozzles for fuels, in the case of which a large number of
drilled holes or bores that are arranged in a definite way
ensure a uniform distribution of fuel during the injection
process, resulting in reduced fuel consumption. To achieve in
this field, and also with other applications, a reproducible
distribution that is as homogeneous as possible, the drilled
holes must be very small and manufactured with high preci-
sion. The typical bore diameters are e.g. in the case of diesel
injection nozzles around 100 um at a material thickness of 1
mm and required accuracies of 1 um. Other examples with
similar demands and partly even smaller bore diameters of
20-50 um are spinnerets for textile fibers, outlet nozzles for air
bearings or starting-hole drillings for wire-cut EDM. In all of
these cases classic drilling methods are only used to a limited
degree due to the demands made on the material, the aspect
ratios and the required bore geometry and machining speed.

[0003] Laser technology with its specific radiation charac-
teristics offers an alternative that in the past years led to a
great number of applications in the above-mentioned sectors.
Different drilling principles are here employed.

[0004] In the case of single-shot drilling, a single laser
pulse with pulse durations of typically a few 100 us heats and
melts the material and expels it out of the drilled hole by
partial evaporation.

[0005] In percussion drilling the drilled hole is formed
though a number of consecutive pulses. In trepanning a small
hole is first produced and the larger bore is then cut out.

[0006] In all of these cases the drilling process itself is
characterized by a strong melt formation, which results in
minor bore quality. The highest qualities are achieved in the
so-called helical drilling technique, a planar removal process
in which the material is predominantly evaporated with short
laser pulses. The individual laser pulses of a highly repetitive
laser are set side by side in overlapping fashion and guided
along the bore circumference along a circular path. With each
complete revolution, depending on laser energy and material,
a thin layer of 0.1-10 um is removed. With a great number of
such circular movements the bore proper will then be gener-
ated. The bore diameter follows from the circular diameter of
the beam rotation and the beam diameter. The degree of
overlap of the consecutive pulses is here chosen such that the
number of non-irradiated remaining edge portions is as small
as possible on the one hand and the laser radiation between
two pulses is traveling on to such a sufficient extent on the
other hand that it does not fully impinge into the melt bath of
the preceding pulse. Typically, the degree of overlap is chosen
in a range between 50%-95%.
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[0007] Since the melt solidifies again after one laser beam
travel, the material is removed almost exclusively in vapor
form, resulting in high surface qualities of the bore wall and a
high reproducibility of the bore. This effect is enhanced by the
use of short and ultra-short pulse lasers.

[0008] Especially the use of lasers in the femtosecond and
picosecond regime permits particularly high bore qualities
because the pulse powers are here in the range of 100 MW and
the resultant melt film thickness is below 1 um.

[0009] An essential precondition for the use of this drilling
process is the rotation of the laser beam on a contour. In the
simplest case this is a circular path. Since the circular velocity
of the laser beam is extremely high, particularly great
demands are made on the optical system for rotating the
beam. For instance, the circular velocity is 200 mn/s in the
case of a laser beam diameter of 20 um, an overlap degree of
50% and a pulse frequency of 20 kHz. At a required bore
diameter of 60 um this means rotation frequencies of the laser
beam of about 1000 Hz.

[0010] These high frequencies can no longer be realized
with classic beam deflection systems, for instance galvanom-
eter scanners. For this purpose a number of different systems
rotating at fast speeds were developed in the past and already
described in the literature.

[0011] One possibility of rotating a laser beam on a circular
path is offered by an arrangement consisting of rotating
wedge plates guiding the laser radiation onto a circular path.
In this system the laser radiation is rotating at the same speed
as the wedge plates. The setting of bore diameter and widen-
ing angle of the bore is here carried out by displacing and
rotating the rotating wedge plates relative to one another.

[0012] Another possibility is the use of a rotating image
rotator through which the laser radiation is passed. After
passage through the image rotator the laser radiation is rotat-
ing both about the rotation axis of the image rotator and about
itself. If a stationary focusing lens is arranged downstream of
the image rotator, circular round bores can then be formed by
the two rotational movements of the laser radiation that is
then focused. Due to the rotation of the laser radiation in itself
it is possible to implement even the tiniest bore diameters in
that the helical diameter, i.e. the diameter of the laser radia-
tion rotating about the rotation axis of the image rotator,
approaches zero. This is however not possible in systems in
which the laser radiation is not rotating in itself; this always
requires a minimal helical diameter.

[0013] It is the object of the present invention to compen-
sate for the impacts of geometric defects caused by the manu-
facturing process in image rotators as part of the device
according to the invention for drilling and for removing mate-
rial using a laser beam. Image rotators may be radiation-
transmitting prisms such as Dove prism or Abbe-Koenig
prism, but also reflecting systems such as a K-mirror arrange-
ment.

[0014] Ina device of the above-mentioned type this object
is achieved in that a compensating device is placed between
image rotator and focusing device and rotates with the image
rotator in the same direction of rotation and with the same
rotational frequency, the compensating device comprising a
parallel displacement unit and an angle changing unit, and
that the compensating device, in a basic setting, is adjustable
in its rotating position relative to the image rotator.

[0015] With the arrangement according to the invention a
uniform rotation movement (beam shape) and thus a uniform
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removal can be accomplished in the machining plane,
whereby a round bore can be formed.

[0016] An essential component of the arrangement accord-
ing to the invention is the compensating device which, in a
basic setting, is adjustable in its relative rotational position
with respect to the image rotator. With such a compensating
device, which preferably comprises a planar displacement
unit with a tiltably supported planar plate and two tiltably
supported wedge plates, the laser beam exiting from the
image rotator can be readjusted from the descriptive circular
path back to the center. The compensating device is here
rotatably arranged around the axis of the image rotator, which
is preferably located in a hollow shaft, and is rotating at the
same angular velocity as the Dove prism. With this arrange-
ment it is possible to completely compensate for all manu-
facturing and adjusting errors of rotating optical systems
based on image rotators. A particular advantage of this
arrangement is here that the corrective adjustment must only
be carried out once and is then applicable to all incident beam
positions and angles of the image rotator. The compensating
device is firmly connected to the hollow shaft after the adjust-
ing operation.

[0017] The diameter of the beam rotation can be set by
angle adjustment of the incident laser beam via the beam
manipulator and thus relative to the image rotator. A lateral
displacement of the beam effects a change in the incident
angle of the laser radiation on the workpiece in the focus of
the focusing device, preferably focusing lens, used in the
drilling optic. Depending on the setting of displacement and
beam tiling by the beam manipulator, positive and negative
conicities of bores with different diameters can thereby be
produced.

[0018] Furthermore, thanks to the special arrangement of
image rotator and co-rotating compensating device, i.e. the
correcting and adjusting wedge plates in the preferred
embodiment, more complex and thus more flexible units can
be used in stationary adjusting elements of the beam manipu-
lator for incidence angle and rotation diameter for the last-
mentioned components.

[0019] It should be emphasized that both Dove prisms and
K-mirrors, which would be used without any further mea-
sures as image rotators, have the decisive drawback that with
the slightest errors in the angle accuracy of the refractive and
reflective surfaces deflection errors arise that upon rotations
of the prism result in irregular beam movements. For
instance, due to the principle the laser beam is rotating in a
Dove prism at twice the angular velocity of the prism when
the prism is rotating once. When the laser beam falls on the
Dove prism at a specific angle, the laser beam further
describes two concentric circles of the same diameter during
one rotation of the prism. With deviations of the prism geom-
etry of only a few mrad or p(N)m the diameters of the two
circles are clearly different, the centers of the circles are no
longer concentric and the circular path is flattened at one side.
Ifthe incident light beam is exactly positioned on the rotation
axis of the prism, the laser beam will be rotating after the
prism due to the geometric error along a circular path with the
same angular velocity as the prism instead of only in itself.
[0020] These inadequacies, which have already been
described in the literature and have so far been considered to
be not compensable, are eliminated with the arrangement of
the invention which comprises a compensating device on the
output side of the image rotator.
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[0021] Inapreferred embodiment the parallel displacement
unit, which is part of the compensating device, is a plane-
parallel plate which is preferably tiltably or rotatably held in
a direction perpendicular to the axis of the laser beam. The
adjustment of the plane-parallel plate at small angles relative
to the axis of the laser beam will compensate for the displace-
ment of the laser radiation, which is due to manufacturing
defects in the image rotator, from the position of the laser
beam passed through an ideally manufactured image rotator.
[0022] The second component, which is part of the com-
pensating device, is an angle changing unit which preferably
comprises two wedge plates, each as such being rotatably
arranged in a direction perpendicular to the rotation axis of
the image rotator and the compensating device, and thus also
in a direction perpendicular to the axis of the laser beam. With
these two wedge plates, which in addition have preferably
opposite wedge angles, the angular change of the laser radia-
tion, which is caused by manufacturing defects in the image
rotator, from the position of the laser beam passed through an
ideally manufactured image rotator will be compensated.
[0023] The two wedge plates and the plane-parallel plate
should be kept adjustable relative to each other in their basic
setting. To this end suitable actuators may be provided. More-
over, these parts may be mounted in a hollow shaft which in
its basic setting is rotating in a fixed arrangement with respect
to the image rotator.

[0024] As has already been mentioned at the outset, the
image rotator can be formed in its simplest configuration
shape by a prism. Moreover, a Dove prism can be used for the
image rotator.

[0025] The prism in the image rotator should be arranged
such that, when the image rotator is rotating once, a laser
beam guided through the prism is rotated several times, in the
simplest case two times.

[0026] With the arrangement of the invention, the system-
immanent restrictions of, for instance, a Dove prism as an
element of a rapidly rotating laser-beam drilling optic can be
eliminated.

[0027] The image rotator is arranged in a hollow shaft
motor for a simple construction.

[0028] While a Dove prism should be preferred as an image
rotator whenever an inexpensive design is desired and a laser
radiation source is used at a wavelength highly transmitting
from the prism, a rigid K-mirror arrangement should be used
as an image rotator whenever radiation sources of different
wavelengths are used in the overall assembly.

[0029] Such aK-mirror arrangement can also be configured
to be adjustable for those cases where the adjustment of the
image rotator relative to the hollow shaft motor poses prob-
lems, e.g. due to temperature variations.

[0030] Instead of a Dove prism, it is also possible to use an
Abbe-Koenig prism as an image rotator.

[0031] The two wedge plates, which are preferably used as
an angle changing unit in the compensating device, can be
arranged adjacent to each other when viewed in beam direc-
tion. With a simple arrangement the two wedge plates can
thereby be rotated in fixed relationship.

[0032] To be able to set the incident beam position and the
incident beam angle of the laser beam, corresponding com-
ponents are provided in the beam manipulator. These adjust-
ing units may be highly dynamic actuators.

[0033] Such a beam manipulator has the advantage, for
instance in comparison with rotating wedge plate assemblies,
that the optical elements needed for setting rotation diameter
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and incident beam angle cannot co-rotate. This simplifies the
mechanical structure and considerably reduces the structural
size. Moreover, much higher rotational speeds of up to 1000
Hz can be accomplished with this arrangement in combina-
tion with an image rotator. This means on account of the
system that the prism must only rotate at 500 Hz because the
laser beam is rotating twice during one rotation of the prism.

[0034] To be able to realize necessarily high deflection
frequencies of up to 1000 Hz, highly dynamic deflection
systems such as torsion and tilt mirrors should be used on the
basis of lithium niobate.

[0035] Forinstance in embodiments of the invention highly
dynamic scanners can be used for setting the beam deflection
and thus the rotation diameter in the beam manipulator. With
a synchronization of rotation angle and beam deflection any
desired drilled-hole shapes, such as rectangles and freeforms,
can be realized that are e.g. needed for spinnerets in synthetic
fiber production.

[0036] A focusing device provided in beam direction after
the compensating device should preferably additionally be
arranged to be displaceable in beam direction so as to be able
to set the focus on the workpiece or the focus depth before and
during machining.

[0037] For setting the incident beam position of the laser
beam in the image rotator and thus the entrance bore diameter
and for setting the incident beam angle and thus the exit bore
diameter, a rotatable wedge plate which is rotatably arranged
in a direction perpendicular to the optical path, and a mirror
which is jointly displaceable with the wedge plate in the beam
propagation direction may be used. With this arrangement it
is possible to set the two adjustment parameters jointly. If for
instance the entrance diameter is changed by adjusting the
wedge plate, but the exit diameter is to remain the same, the
incident beam angle is adapted accordingly by displacing the
mirror and the wedge plate.

[0038] The polarization of the laser radiation is an impor-
tant parameter for producing and mastering high bore quali-
ties. Different polarization directions of the laser radiation
during one revolution of the laser radiation produce different
removal results. That is why it is of advantage when the
polarization is made to co-rotate in a defined way with respect
to the incidence plane or when circularly polarized laser light
is used. To this end, however, special optical elements are
needed that must also co-rotate. To co-rotate the polarization,
a A/2 plate co-rotating in synchronism with the image rotator
is arranged between beam manipulator and image rotator.

[0039] As an alternative, in the case of linearly polarized
radiation, said radiation may be converted by using a station-
ary h4-plate into circularly polarized radiation, whereby the
removal variations caused by polarization are reduced.

[0040] In a particular embodiment of the invention, a Dove
prism is used with a special trapezoid angle at which the
polarization-caused performance variations of the emitted
laser beam are minimized and thus impacts on the drilled hole
shape cannot be detected along a beam rotation. The prism of
the image rotator should have a trapezoid angle at which the
polarization-caused removal variations during one rotation of
the prism are minimized. The trapezoid angle should here be
kept as large as possible, but this will significantly increase
the constructional length of the rotary optic, so that because of
the device the two possibilities of a large trapezoid angle and
of a maximal constructional length should be weighed up
against one another.
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[0041] Ifdrilled holes that are not rotation-symmetrical are
to be produced, the elements of the beam manipulator can be
arranged to be movable in synchronism with the rotational
movement of the image rotator.

[0042] The device according to the invention is particularly
useful in fields that have been outlined at the outset with
reference to the prior art.

[0043] Further advantages and features of the invention
become apparent from the following description of embodi-
ments taken in conjunction with the drawings, in which
[0044] FIG. 1 shows a device according to the invention
with an image rotator in the form of a Dove prism.

[0045] FIG. 2 shows a detail of the image rotator, the com-
pensating device, and the focusing device of FIG. 1.

[0046] FIG. 3 is a view corresponding to that of FIG. 2, but
with a Dove prism having an enlarged trapezoid angle.
[0047] FIG. 4 is a view corresponding to FIGS. 2 and 3, in
which an Abbe-Koenig prism is used as the image rotator.
[0048] FIG. 5 is a view corresponding to FIGS. 2 to 4, in
which a K-mirror arrangement of rigid configuration is used.
[0049] FIG. 6 shows an arrangement according to FIG. 5,
but with an adjustable K-mirror arrangement.

[0050] FIG. 7 is an illustration corresponding to FIG. 1,
wherein, in comparison with the device of FIG. 1, a A/4-plate
is arranged on the input side of the beam manipulator.
[0051] FIG. 8 is an illustration corresponding to FIG. 1,
wherein, in comparison with the device of FIG. 1, a A/2-plate
is arranged on the output side of the beam manipulator.
[0052] Various devices, as shown in the figures, are pro-
vided for drilling and for removing material using a laser
beam.

[0053] The device can be subdivided into a beam manipu-
lator 1, an image rotator 2, a compensating device 3 and a
focusing device 4, viewed in the direction of the extension of
a laser beam, which is designated by reference numeral 5.
[0054] The image rotator 2, which is arranged in a rapidly
rotating hollow-shaft motor 6 in the center thereof forms a
drilling optic, wherein in the illustrated embodiment a Dove
prism 7 is used as the image rotator 2. The Dove prism 7 is
positioned in the hollow shaft motor 6 such that, when the
image rotator 2 or the hollow shaft motor 6, respectively, is
rotated once, as illustrated by the rotary arrow 8, the laser
beam 5 passed through the prism 7 is thereby rotated twice,
which is illustrated by the two rotary arrows 8' on the output
side of the hollow shaft motor 6.

[0055] The beam manipulator 1, which when viewed in the
beam direction of the laser 5 is arranged before the hollow
shaft motor 6 is composed of two adjusting devices, desig-
nated by reference numerals 9 and 10. The adjusting device 9
is a device that serves to adjust the incident beam position of
the laser beam 5, to which end the mirror 9 shown in FIG. 1 is
held to be rotatable or tiltable about an axis 11 (axis 11
extends in a direction perpendicular to the beam direction of
the laser beam 5). The adjusting device 10 serves to adjust the
incident beam angle of the laser beam 5 passed onto the prism
7 of the image rotator 2. The two adjusting devices 9, 10 can
be provided with highly dynamic actuators, such as for
instance piezo adjusters and solid-state tilt adjusters, which
are not shown in more detail in the figures, to be able to realize
nonrotation-symmetrical drilled holes in the machining
plane, designated with reference numeral 12.

[0056] Viewed in the beam direction of the laser beam 5,
two adjustable wedge plates 13 and 14 as well as a plane-
parallel plate 15 are positioned behind the hollow shaft motor
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6. This plane-parallel plate and these two adjustable wedge
plates 13, 14 are held in a sleeve 16 that is concentrically
rotatable about the rotation axis. The plane-parallel plate 15
which, viewed in beam direction, is arranged directly after the
hollow-shaft motor 6 and the image rotator 2, respectively,
forms a parallel displacement unit for the laser beam 5,
whereas the two wedge plates 13, 14 following the plane-
parallel plate 15 when viewed in beam direction form an
angle changing unit for the laser beam 5. With this compen-
sating device 3 the laser beam 5 led out of the center due to
geometric or positional flaws of the Dove prism can be
adjusted back to the center, i.e. to the rotation axis of the
image rotator 2.

[0057] For such a setting the plane-parallel plate 15 can be
tilted about an axis 17 in a direction perpendicular to the beam
axis or the axis of the hollow shaft motor 6, as illustrated by
the double-headed arrow 18. This is also true for the two
wedge plates 13 and 14 that are tiltable about respective axes
19 and 20, extending in a direction perpendicular to the beam
axis, as illustrated by the two double-headed arrows marked
with reference numeral 21. To correct the angular errors (par-
allel displacement) with the two wedge plates 13, 14, these
two wedge plates have opposite wedge angles, as can be seen
in FIG. 1. However, these wedge angles need not be of the
same size.

[0058] The two wedge plates 13 and 14 as well as the
plane-parallel plate 15 can also be arranged in a different
arrangement relative to each other and at different distances
from each other inside the compensating device 3, each time
in dependence upon the geometry of the plane and wedge
plates. It is however important that these optical parts of the
compensating device are arranged in the sleeve 16 to adjust
them inside said sleeve 16, and thus to set the laser beam, so
that after the adjustment has been made said parts are rotating
in fixed relationship together with the image rotator 2, for
which purpose the sleeve 16 of the compensating device 3 is
connected via the illustrated coupling member 23. Thanks to
this coupling via the sleeve 16 the hollow-shaft motor 6 and
the image rotator 2, respectively, and the compensating
device 3 and the sleeve 16, respectively, are rotating at the
same rotational speed.

[0059] The focusing device 4 which when viewed in beam
direction is arranged behind the compensating device 3 may
be composed of one or several focusing lenses although FIG.
1 only shows one single lens with which the laser beam 5 is
focused onto the workpiece and the machining plane 12,
respectively. This focusing device 4 can additionally be dis-
placed in beam direction, as outlined by the double-headed
arrow 22, so as to permit a continuous adjustment of the laser
beam focus in the case of deep bores and in order to change
the geometry of the bore.

[0060] FIG. 2 shows the extension of the laser beam 5
through the prism 7, the plane-parallel plate 15 and the two
wedge plates 13 and 14.

[0061] Thebeam 5 entering into the prism 7 is displaced by
corresponding reflection in the prism 7 and diffraction on the
exit surface of the prism 7. Due to tolerances caused by the
manufacturing process the laser beam 5 exiting out of the
prism 7 differs in position and angle from a laser beam 39
which would be obtained after passage through an ideal
prism, as can be seen with reference to FIG. 2. FIG. 2 shows
the compensating device 3 coaxially changed or rotated rela-
tive to the prism 7 such that the axes of the plane-parallel plate
15 and the wedge plates 13, 14 are normal to the surface
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formed by the laser beams 5 and 39. This converts the spatial
positional and angular deviation into a planar deviation (the
rotational movement of the compensating device 3 relative to
the prism 7 is outlined by the double-headed arrow 40).
[0062] To change the angle, wedge plates 13 and 14 are
provided that on account of their wedge angle and the orien-
tation of the wedge angle relative to the entering laser beam
and their tilt about their respective axes 19, 20 change the
angle of the laser beam 5 to the angle of the ideal laser beam
39. The laser beam 5 is also shifted in its position by the
wedge plates 13 and 14. The plane-parallel plate 15 changes
the position of the laser beam 5 without producing an angular
change in the beam 5. This has the effect that the laser beam
5 of the real prism 7 can be adjusted to the position of the ideal
laser beam 39.

[0063] Ascanbeseen withreferenceto FIG. 2, itis possible
with the compensating device 3 to compensate for a spatial
position caused by manufacturing flaws in the image rotator 2
and for an angular displacement of a laser beam 5.

[0064] It should be noted that insofar as the individual
figures show components that are identical with or compa-
rable to components of other figures, like reference numerals
are used, so that the observations made on one embodiment
can be applied to other embodiments by analogy.

[0065] Likewise, the individual FIGS. 2 to 8 show the
respective ideal optical path of the laser radiation by way of
dash-dotted lines whereas the real optical path (with geomet-
ric and positional flaws of the prisms) is shown by way of
continuous lines.

[0066] FIG. 3 shows a Dove prism 7 which has an enlarged
trapezoid angle in comparison with the Dove prism of FIG. 2.
Such a Dove prism 7 with enlarged trapezoid angle serves to
minimize polarization-induced removal variations in one
revolution of the laser radiation.

[0067] In the embodiment of FIG. 4 it is only an Abbe-
Koenig prism 25 that is used as the image rotator. The Abbe-
Koenig prism 25 is an alternative to a Dove prism 7, as shown
in FIGS. 2 and 3.

[0068] Instead of a Dove prism 7 or an Abbe-Koenig prism
25, a K-mirror arrangement 26 can also be used in the image
rotator 2. Such a K-mirror arrangement 26, which is also
known as an image rotator, comprises a roof-shaped mirror
arrangement 27 composed of two mirror surfaces 28, and a
further mirror surface 29 opposite said mirror surfaces 28,
which are positioned such that the laser beam 5 impinging on
the first mirror surface 28 is directed towards the further
mirror surface 29 and from there impinges on the other mirror
surface 28 to be passed on from there in the direction of the
axis 24 of the arrangement. In this K-mirror arrangement 26,
including fixed, i.e. rigid, mirror surfaces 28 and 29, the
problem arises again that the laser beam 5 exiting from the
K-mirror arrangement 26 does not extend in parallel with the
axis 24, so that a corresponding correction must again be
made by means of the compensating device 3, as has been
described above.

[0069] While FIG. 5 shows a rigid K-mirror arrangement
26, F1G. 6 shows a variant which employs a K-mirror arrange-
ment 30 which is made adjustable in that the two mirror
surfaces 28' are decoupled from each other and are adjustable
about respective axes 31, as outlined by the pivotal arrow 32,
and moreover the further mirror 29' is pivotable about an axis
33 in the direction of arrow 34 and also displaceable in the
direction of the double-headed arrow 35 in its distance per-
pendicular to the axis 24. With these adjusting possibilities,
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positional errors of the image rotator relative to the hollow
shaft motor can be compensated.

[0070] FIG. 7 shows the arrangement of FIG. 1, but with an
additional A/4-plate 36 which is arranged on the input side of
the beam manipulator 1 in the optical path of the laser beam.
This A/4-plate 36 serves to convert linearly polarized laser
radiation into circularly polarized laser radiation. Otherwise,
the construction of the device of FIG. 7 is identical with that
shown in FIG. 1 and described with reference to FIG. 1.
[0071] Finally, FIG. 8 shows a device comparable with that
of FIG. 1, but with an additional A/2-plate 37 positioned on
the output side of the beam manipulator 1 in the optical path
of'the laser beam 5. This A/2-plate 37 is mounted on a rotation
unit 38 which consists of a gearing and two coupling means,
each between gearing and hollow shaft motor and between
gearing and A/2-plate 37, with which the A/2 plate 37 is put
into rotation in a direction coaxial to the hollow-shaft motor 6.
Such a A/2-plate 37 serves to co-rotate the polarization of the
laser radiation, whereby polarization-induced removal varia-
tions are minimized in one revolution of the laser radiation.
[0072] The A/4-plate 36 of FIG. 7 and the A/2-plate 37 of
FIG. 8 may be used in the other devices shown in FIGS. 2 to
6 at a corresponding place, as shown in FIG. 7 or 8.

What is claimed is:

1. A device for drilling and for removing material using a
laser beam, said device comprising, in combination:

a rotating image rotator;

a beam manipulator which, when viewed in the beam
direction, is arranged in front of the image rotator and
serves to adjust the angle and position of the beam rela-
tive to the rotation axis of the image rotator;

a focusing device located on the output side of the image
rotator; and

acompensating device disposed between the image rotator
and the focusing device, that rotates with the image
rotator in the same direction of rotation and with the
same rotational frequency, the compensating device
comprising a parallel displacement unit and an angle
changing unit;

wherein the compensating device is adjustable in its rotat-
ing position relative to the image rotator in a basic set-
ting.

2. The device according to claim 1, wherein the parallel

displacement unit comprises a plane-parallel plate.

3. The device according to claim 2, wherein the plane-
parallel plate is rotatable in a direction perpendicular to the
rotation axis.

4. The device according to claim 2, wherein the angle
changing unit comprises two wedge plates, each being rotat-
able in a direction perpendicular to the rotation axis.

5. The device according to claim 4, wherein the two wedge
plates have opposite wedge angles.

6. The device according to and claim 4, wherein the two
wedge plates and the plane-parallel plate are adjustably
mounted relative to one another in their basic setting.
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7. The device according to claim 1, wherein the image
rotator comprises a prism.

8. The device according to claim 7, wherein the image
rotator comprises a Dove prism.

9. The device according to claim 7, wherein the prism is
arranged in the image rotator such that, when the image
rotator is rotated once, a laser beam passed through the prism
is rotated twice.

10. The device according to claim 1, wherein the image
rotator comprises a rigid K-mirror arrangement.

11. The device according to claim 7, wherein the image
rotator comprises an Abbe-Koenig prism.

12. The device according to claim 4, wherein the two
wedge plates are arranged adjacent to each other.

13. The device according to claim 1, wherein the image
rotator is arranged in a hollow shaft motor.

14. The device according to claim 1, wherein the beam
manipulator comprises a respective adjusting device for
adjusting at least one of the incident beam position and the
incident beam angle.

15. The device according to claim 14, wherein the respec-
tive adjusting device comprises highly dynamic actuators.

16. The device according to claim 1, wherein the parts of
the compensating device are arranged in a sleeve concentri-
cally rotatable about the axis of the image rotator.

17.The device according to claim 1, wherein, when viewed
in beam directions a focusing device is provided after the
compensating device, the focusing device being additionally
arranged to be displaceable in beam direction.

18. The device according to claim 14, wherein the incident
beam positions and thus the entrance bore diameter, and the
incident beam angle, and thus the exit bore diameter, are
adjustable by a wedge plate, which is rotatable in a direction
perpendicular to the optical path, and by a mirror which is
displaceable together with the wedge plate in beam propaga-
tion direction.

19. The device according to claim 7, wherein the prism has
atrapezoid angle under which the polarization-induced inten-
sity variation in one rotation of the prism is minimized.

20. The device according to claim 1, wherein a A/2 plate,
which is co-rotating in synchronism with the image rotator, is
arranged between beam manipulator and image rotator to
co-rotate the polarization.

21. The device according to claim 14, wherein the elements
of'the beam manipulator are movable in synchronism with the
rotational movement of the image rotator so as to produce
nonrotation-symmetrical bores.

22. The device according to claim 1, wherein the image
rotator is formed by a K-mirror arrangement which is adjust-
able in its reflecting surfaces relative to each other.

23. The device according to claim 1, wherein a A/4 plate,
which is adjustable in a direction perpendicular to the beam
propagation direction, is arranged in front of the beam
manipulator.



